THE ABILITY TO MOVE SOLUTES between the exterior and interior of an organism, between different extracellular compartments, between intracellular and extracellular space, and between organelles and cytoplasm involves a myriad of transport mechanisms; all of which are indispensible for life. Considering the wide variety of solutes that have to be translocated at each of these levels, the precise transport machineries devoted to each solute, and the host of regulatory mechanisms accompanying each of these ensembles, one ponders whether we have enough genes in our genome to achieve these homeostatic feats. The intuitive answer is of course "yes" since we have already succeeded in doing so. While the utilization of multiple proteins to serve the same means bestows redundancy and insurance, the evolution of one protein to execute multiple functions maximizes genetic economy.
The fact that one gene product can serve multiple and diverse functions may be a well-known and foregone conclusion to all but is still a remarkable phenomenon to be marveled. Take as an example the most abundant protein in our circulation: hemoglobin. In addition to its known function of carrying O 2 , hemoglobin also regulates O 2 offloading as a metabolic sensor of tissue oxygenation, couples CO 2 and nitric oxide transport at the lung and periphery, buffers H ϩ , releases vasodilators to directly regulate local blood flow, regulates circadian rhythm of antioxidant, and may even participates in immune surveillance. It is unlikely that this multitasking coevolved completely contemporaneously but was more likely to have done so in tandem, or more likely in "overlapping tandems," where the needs of one function modulate the evolution of the others. Inherent in this system of serving many masters exist inevitable conflicts that at some point mandate some degree of compromise. Na ϩ /H ϩ exchangers are part of a large family of cationproton transporters in prokaryotes, plant, and animal kingdoms (1, 8) ; the mammalian NHE subfamily itself has 12 members with vastly diverse locales and functions (1) . This includes regulation of cytoplasmic, endosomal, and organellar pH and sodium, cell volume, transepithelial epithelial, sodium, bicarbonate, chloride, organic solute transport, and even non-transport-related functions such as provision of a membrane structural platform for assembly of protein complexes. Should calcium transport be added to the list?
A recent paper by Pan and coworkers (7) puts the Na ϩ /H ϩ exchanger NHE3 in the spotlight with an interesting unexpected finding of deranged calcium homeostasis in the NHE3-deleted mouse. NHE3-null mice have lower bone mineral density and smaller trabeculae. At least in this study, which is at variance with some earlier reports (9) but not others (3), there was no detectable metabolic acidosis to invoke acidosisrelated bone disease (2). The finger pointing was directed to calcium balance. Here, one encounters a double hit of the two principal calcium-transporting epithelia guarding external balance: renal calcium leak (increased absolute rate of excretion per body mass and increased fractional excretion) and reduced gut calcium absorption despite higher vitamin D levels, indicating an intrinsic epithelial defect. This results in a highly unfavorable combination for the calcium-based endoskeleton.
The more severe involvement of trabecular bone likely reflects the higher turnover in that site, and the markedly reduced formation biomarker is probably due to the very borderline state of calcium balance. This apparently places the Na ϩ /H ϩ exchanger in a critical position for calcium balance.
To interpret this finding, one needs to consider at least theoretically how the absence of NHE3 can affect calcium transport in the intestine and renal tubule. In the intestine, luminal acidification is required to render the calcium more bioavailable. The reduced NaCl absorption may also lower luminal calcium concentration via dilution and also reduce transit time through the intestine, all of which can reduce both transcellular and paracellular calcium absorption. In the kidney, the majority of the effect is still likely paracellular proximal tubule calcium absorption, although the authors presented some hints at more distal sites (7) .
A fundamental question in investigative biology is how one should interpret data generated by the removal of one system. The deletion of a single gene is probably as clean a manipulation as one can make, other than removing just part of a protein, such as a functional motif. Can all consequences from this deletion be blamed on the discrete genetic lesion? For example, can one conclude that NHE3 is important for glomerular filtration rate (GFR) based on the low GFR observed in NHE3-null mice (4) when in fact it is the massive proximal outpouring that is activating tubuloglomerular feedback with secondary reductions in GFR? Does the fact that complete absence of NHE3 reduces calcium transport mean that the day-to-day regulation of intestinal and renal calcium absorption is controlled by changes in NHE3 activity? Does the loss of NHE3 cause global functional disruptions? These are important but yet unanswered questions. The most compelling interpretation of the data is that NHE3 has direct relevance to calcium transport.
These findings have practical implications. First, it is remarkable how the serum calcium is kept constant despite a double hit in the intestine and kidney, likely all at the expense of the skeleton. This highlights the importance of calcium balance to bone health, and a negative calcium balance can go undetected until some skeletal catastrophe transpires. Condi-tions or drugs that increase luminal NaCl and water content or decrease transit time may have a larger impact on intestinal calcium absorption. In the kidney, acid-induced hypercalciuria (5) is unlikely in this instance, and one is more likely dealing with a primary proximal tubule hypercalciuria. Idiopathic hypercalciuria in human stone-formers has been localized partly to proximal calcium leak, but mechanisms remain elusive (10, 11) . The relationship between effective arterial volume and calciuria has been attributed largely to proximal sodium-calcium coupling and is exploited clinically to reduce serum calcium (6) . This animal model is a clear and definitive demonstration of proximal calcium wasting.
The paper by Pan and coworkers (7) adds important dimensions to both the Na ϩ /H ϩ exchange field and calcium homeostasis. Epithelial transport is complex, and multiple ions are being translocated through the same epithelium at different rates governed by different incoming signals that attend to different physiological needs; yet of all these processes are fulfilled by the same cells and a limited number of transport proteins. Cohesion of epithelial ion homeostasis is the rule rather than the exception. Basolateral Na ϩ -K ϩ -ATPase is already a major contributor to basolateral Ca 2ϩ extrusion through the Na ϩ /Ca 2ϩ exchanger for the transcellular mode of Ca 2ϩ transport. The luminal absorption of NaCl, NaHCO 3 Ϫ , and water is clearly exploited to drive Ca 2ϩ across the intestinal and renal epithelia.
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